Abstract : Rats develop strong resistance to re-infection and super-infection by Clonorchis sinensis. The present study investigated the antibodies present in the sera and bile juice of rats that were primary infected and re-infected with C. sinensis. The serum level of specific IgG antibodies, which were elevated 2 wk of the primary infection, peaked at 4 wk and subsequently remained unchanged even during re-infection. The total IgE level in serum increased slowly from 388 ng / ml to 3,426 ng / ml beginning 2 wk after the primary infection, and remained high up to 8 wk but dropped to a normal level (259 ng / ml) after treatment. In resistant re-infected rats, the serum IgE level increased rapidly and peaked within 1 wk, whereas no increase was observed in immunosuppressed rats. The serum level of specific IgA antibodies was elevated beginning 1 wk after infection, and decreased 4 wk after treatment. The total bile IgA level unchanged during the primary infection but increased in treated and re-infected rats. The elevated levels of serum IgE and bile IgA indicate that these immunoglobulins may be correlated with the development of resistance to re-infection by C. sinensis in rats.
INTRODUCTION
Clonorchis sinensis, which is a liver fluke living in the bile ducts of humans and mammals, is endemic in East Asia, including Korea, China, Russia, and Vietnam, where it is estimated that about 35 million people are infected [1] . Clonorchiasis, i.e., human infection by C. sinensis, leads to cholangitis with secondary bacterial infection, bile duct obstruction, and cholangiofibrosis in the liver [2] . Clonorchiasis also causes the serious complication of cholangiocarcinoma in humans [3] [4] [5] .
Humans with clonorchiasis are usually re-infected or have a super-imposed infection (super-infection) [6] . This finding suggests that previous infection affords poor protection against reinfection or super-infection in humans. However, rats are known to develop near-complete resistance to re-infection or superinfection by C. sinensis [7, 8] . Although the mechanism of resistance to re-infection is unknown, it has been suggested to involve an immune-related host response [8, 9] . It was observed that rats immunized with crude antigens of C. sinensis had high serum IgG levels but exhibited no protection against infection [10] . Nude and immunosuppressed rats lose resistance to C. sinensis but splenectomized rats do not. Furthermore, immunization of rats with C. sinensis antigens induces no resistance to re-infection [8] . There have been several vaccine trials using DNA vaccines that encode fatty acid-binding or a cysteine proteinase and a tegument protein vaccine, although these vaccines were found to provide only partial protection [11] [12] [13] . These findings suggest that the resistance of rats to re-infection by C. sinensis is linked mainly to local immune responses in the bile duct [8] .
Antibodies are an important host defense response to infectious disease. In this context, we analyzed the antibodies present in the sera and bile juices of rats that were primary and reinfected with C. sinensis in order to evaluate their roles in the development of resistance.
MATERIALS AND METHODS

Preparation of parasites and experimental animals
Metacercariae of C. sinensis were collected from naturally infected freshwater fish and kept in storage solution at 4℃, as previously described [14] . Male Sprague-Dawley rats were divided into several groups of 5 animals each according to the duration of primary infection (from 3 days to 8 wk), treatment, and time after re-infection (1-4 wk) ( Table 1) . Immunosuppressed rats, which were subcutaneously injected with methyl-prednisolone for 3 wk [8, 9] , were compared with the normal rats after re-infection. The rats were maintained in the animal facilities of the Seoul National University College of Medicine and provided with commercial pellet food and tap-water. All procedures of the animal experiment followed the guideline for the animal experiment of the Seoul National University.
Re-infection procedure
The procedure used for re-infection was the same as that used in our previous studies [8, 9] . For the primary infection, 100 fresh metacercariae were introduced into the stomach of each rat through a gavage needle. Four weeks later, the rats were treated with 100 mg / kg praziquantel (Distocide � Shinpoong Pharmaceutical Co., Seoul, Korea) for 3 days. The treatment was subsequently confirmed by examination of stool samples for the presence of eggs. Four weeks after treatment, each egg-negative rat was re-infected with 100 metacercariae of C. sinensis.
Collection of serum, bile juice, and adult worms Sera and bile juice were collected from the rats before infection (Weeks 0), 3 days after infection (Weeks 0.5), 1, 2, 4, and 8 wk after infection, and 4 wk after treatment. Serum and bile juice samples were also collected from the immunosuppressed rats before and after re-infection (at 3 days and 1, 2, and 4 wk). Bile juice was collected from the bile duct through a polyethylene cannulation tube (external diameter, 0.8 mm; internal diameter, 0.4 mm), as previously described [15] . One end of the tube was inserted into the bile duct, while the other end was exteriorized through an opening in the right flank by an 18 G needle, allowing the bile to be collected into a tube. All the serum and bile juice samples were kept at -20℃ until used. Adult and juvenile worms were recovered from the liver and bile duct of the rats as described previously [9] .
Preparation of the excretory-secretory protein (ESP) antigen of C. sinensis ESP antigen of C. sinensis was prepared from cultured adult worms as previously described [16] , and stored at -70℃ until used. The protein concentration was determined using a BCA protein assay reagent kit (Pierce, Rockford, Illinois, USA).
Serum and bile antibody detection
The total serum and bile IgE and IgA levels were determined using ELISA quantitation kits (Bethyl Laboratories, Montgomery, Texas, USA) following the manufacturer's instruction. The reaction conditions were as follows: 96-well plates were coated with anti-rat IgE or IgA capture antibodies diluted 1 : 250 for IgE and 1 : 100 for IgA. For the IgE assay, the serum and bile samples were diluted 1 : 200 and 1 : 20, respectively, and for the IgA assay, the samples were diluted 1 : 4,000. The HRP conjugates for IgE and IgA were used at dilution of 1 : 500 and 1 : 40,000, respectively. Each reaction was carried out at room temperature for 60 min. Color development using TMB as the substrate was allowed to proceed for 30 min in the dark, and then stopped by addition of 4N H2SO4. The absorbance was subsequently read at 450 nm using an ELISA reader (Emax � Precision Microplate Reader, Molecular Devices Corp., Sunnyvale, California, USA). The antibody concentrations were calculated from standard curves prepared using reference sera in the same plate. The listed concentration of each sample is the mean of duplicate tests.
The level of specific antibodies in the serum and bile samples was assessed by indirect ELISA using the ESP antigen of C. sinensis. In brief, 96-well plates were coated with 0.2 g of ESP antigen per well and blocked with blocking solution. The sera were diluted 1 : 400 for specific IgG and 1 : 20 for specific IgA while the bile juices were diluted 1 : 20 for specific IgA. The HRP conjugates were diluted 1 : 30,000 for serum IgG, and 1 : 20,000 and 1 : 500 for serum IgA and bile IgA, respectively. Each reaction was run at 37℃ for 2 hr. Color development using TMB was allowed to proceed for 10 min in the dark, and then stopped by the addition of 4N H2SO4. The absorbance was subsequently read at 450 nm using an ELISA reader.
Data analysis
All statistical analyses were performed using SPSS for Windows version 10.0 (SPSS Inc., Chicago, Illinois, USA). The statistical significance of the mean values for the worm recovery rates between the groups was evaluated by one-way ANOVA with a threshold P-value of 0.05.
RESULTS
Worm recovery
The recovery rates for adult C. sinensis worms were 13.7% at 3 days after the primary infection and 32.8% at 1 wk after the primary infection. The recovery rates were greater than 50% between 2 and 8 wk after the primary infection (Table 1) . In contrast, the recovery rates after re-infection were less than 5% for all the time-points studied. However, in the immunosuppressed re-infected rats, the rates were similar to those of the primary infected rats.
Serum antibodies
The serum level of C. sinensis specific IgG antibodies was elevated 2 wk after primary infection to absorbance 0.22 ± 0.071 from 0.076 ± 0.022 pre-infection, and peaked at absorbance 1.393 ± 0.057 after 4 wk (Fig. 1) . The specific IgG levels showed little change up to 4 wk post-treatment and after re-infection. The specific IgG level in the sera of the immunosuppressed rats was similar to that in the sera of the immunocompetent re-infected rats. The total serum IgE level was 388.8 ± 237.5 ng / ml before infection, but increased slowly after primary infection to 3,426.7 ± 2,000 ng / ml from Week 2, and maintained high Upon re-infection, the total IgE level in the normal rats increased rapidly and peaked to 4,973.7 ± 3,507.5 ng / ml after 1 wk, whereas no IgE response was observed in the immunosuppressed rats. The total serum IgA level peaked at a relatively low level, 326.4 ± 208.5 g / ml 1 wk after the primary infection; however, no peak was observed following re-infection. The specific serum IgA level increased beginning 1 wk after infection but decreased at 4 wk after treatment.
Bile juice antibodies
The total bile IgA level was unchanged during the primary infection but increased in the treated rats, 830.4 ± 480.9 g / ml (Fig. 2) , reaching high levels up to 838.9 ± 226.4 g / ml during re-infection. In the immunosuppressed rats, the total bile IgA level was low both before and during re-infection. The changing pattern of specific IgA in the bile was similar to that of the total IgA. The bile IgE level was lower than the serum level of IgE and remained relatively constant during primary infection and re-infection.
DISCUSSION
Rats develop almost complete resistance to re-infection by C. sinensis. However, this resistance is compromised by methylprednisolone-induced immunosuppression or in nude rats [8, 9] . The present results confirm again the development and disappearance of resistance in rats to re-infection by C. sinensis.
In the present study, we observed the changing patterns of serum and bile antibodies in rats during primary infection, treatment, and re-infection with C. sinensis. The increase in antibody concentration during primary infection was similar to that reported previously [10, 17] . The serum level of specific IgG antibodies began to increase 2 wk after the primary infection and reached a high plateau at 4 wk, after which it showed little change, even at 4 wk post-treatment and during re-infection. The serum IgG antibody level was also stable during re-infection in the immunosuppressed rats. The serum IgG level was increased by immunization with adult worm antigen although protective immunity was not afforded [8, 10] . Although the serum level of specific IgG antibody production was high, this appeared to have little influence on the development of resistance to re-infection.
The total serum IgA level peaked 1 wk after the primary infection and decreased to the normal level. The serum specific IgA level also increased little during the primary infection, but it peaked at a high level 1 wk after treatment and dropped to normal at 4 wk post-treatment. In contrast, the total or specific serum IgA response to re-infection was very weak (Fig. 1) . The serum IgA levels differed little between immune-competent and suppressed rats.
Unlike the serum IgA levels, the total and specific bile IgA levels changed significantly upon re-infection. The bile IgA revealed no peak during the primary infection, instead, it increased to a concentration peak in the treated rats (Fig. 2) . The bile IgA level was consistently high in the re-infected rats, whereas the bile and serum IgA levels remained low in the immunosuppressed rats, even during re-infection. The IgA antibody response to C. sinensis infection has been reported previously [18, 19] , with antibodies being secreted from the biliary mucosal tissues in response to stimulation by infected juvenile flukes. In addition, a protective role for IgA antibodies has been proposed in response to infection by nematodes at the intestinal phase [20] . Rats infected with Heligmosomoides polygyrus rapidly expel the intestinal nematodes, and there is a negative correlation between the IgA level and worm burden [20] . The levels of circulating IgG1 and intestinal IgA are associated with the elimination of Strongyloides ratti from infected rats [21] . One study has confirmed the presence of specific IgA antibodies in the feces of rats that were orally immunized with a recombinant tegumen- 
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Total IgE * P R IsR P R IsR P R IsR tal protein of C. sinensis (TP20.8) [13] . The finding suggests that intestinal IgA antibodies may inhibit the migration of excysted C. sinensis larvae into the bile duct [13] . However, the IgA antibodies in bile should play a more important role than those in the intestine in terms of the development of resistance to reinfection by C. sinensis, given that the bile antibodies are in more intimate contact with the worms. The present study confirms the increase in IgA antibodies in the bile juice during re-infection. The C. sinensis-specific IgA antibodies in bile may possibly impede the migration of newly invading juvenile worms into the intrahepatic bile duct, although the exact mechanism remains to be elucidated.
It is well-known that IgE antibodies are produced in response to infection by C. sinensis [19, 22, 23] . The total and specific IgE levels in serum are increased in clonorchiasis patients, and the worm burden is inversely correlated with the serum IgE level [22] . Our present results show that the total serum IgE level increased slowly upon primary infection and then decreased to the normal level 4 wk after treatment. However, upon re-infection, the total IgE level increased rapidly to a peak within 1 wk in immunocompetent rats, but not in immunosuppressed rats. This pattern of increase is the same as that reported in a previous study [24] , in which resistance to C. sinensis was observed in rats following infection with irradiated metacercariae. In endemic areas of Schistosoma japonicum in China, high serum IgE levels against adult worms or soluble egg antigens have been reported in cured schistosomiasis patients who are resistant to re-infection [25] . The rapid increase in IgE antibodies during the first week of re-infection in the present study correlates well with the timing of resistance development in rats. The resistance to newly invading worms develops during the first week of re-infection or super-infection [8] .
In conclusion, levels of bile IgA antibodies and serum IgE antibodies increase significantly in resistant re-infected rats. The bile IgA and serum IgE antibodies may be involved in the development of resistance to re-infection by C. sinensis in rats.
